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Abstract
Introduction:Type 2 diabetesmellitus is responsible for highmortality andmorbidity globally and in India. India has high prevalence
of the condition and the burden is set to increase exponentially in the next decade. Indians traditionally reside in rural or semi-urban
areas with limited access to healthcare facilities. To overcome this, the government has introduced a cadre of health workers called
Accredited Social Health Activists (ASHA) for such areas. These workers were initially trained to provide maternal & infant care but
now need improved competence training to improve type 2 diabetes screening & management in these locations. The objective of
the study is to assess the competence training provided to ASHA workers at the chosen study sites.
Methodology: A cluster randomized control trial has been designed. It will be conducted across 8 centers in Hyderabad &
Rangareddy districts of Telangana, India. The training will be provided to ASHA workers. The tool used for training will be developed
from existing sources with an emphasis on topics which require training. The training will be delivered across 6months at each center
as a classroom training. Each participant’s baseline competence will be recorded using a questionnaire tool and a practical evaluation
by trained public health experts. The same experts will use the same tools to assess the training post the intervention.
Discussion:This trial will evaluate the use of health worker training as a tool for improving the clinical competence in relation to type
2 diabetes mellitus. We anticipate that the module will provide a greater understanding of type 2 diabetes mellitus, the importance of
screening of both disease and complications and improved skills for the same. The study has received the ethical approval form the
Institutional Ethics Committee of the Indian Institute of Public Health Hyderabad. The registration number is: IIPHH/TRCIEC/218/
2020. The trial has also been registered under the Clinical trial registry of India (CTRI) on 27th July 2020. The registration number of the
trial is: CTRI/2020/07/026828. The URL of the registry trial is: http://ctri.nic.in/Clinicaltrials/showallp.php?mid1=45342&EncHid=
&userName=CTRI/2020/07/026828.
Abbreviations: CTRI = Clinical Trial Registry of India, IIPHH = Indian Institute of Public Health, Hyderabad, PHFI = Public Health
Foundation of India, PI = principal investigator.
Keywords: diabetes, diabetes management, diabetes training, health systems, health worker, health worker training, Indiahe study is being internally funded by the host institution-Indian Institute of Public Health Hyderabad through their corpus.
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Gudlavalleti et al. Medicine (2020) 99:44 Medicine1. Introduction the public health care facilities and rural communities.Type 2 diabetes mellitus results in high mortality and morbidity
globally.[1] The International Diabetes Federation estimates 75
million persons living with diabetes mellitus in India. Amongst
them, 1.1 million adults (aged 20–79 years) die annually due to
type 2 diabetes mellitus.[2] Estimates also indicate around 42.2
million Indians currently living with undiagnosed type 2 diabetes
mellitus.[2] The total type 2 diabetes mellitus disorder burden in
India is enormous, and the burden is set to increase if not
managed. Hence, timely diagnosis/screening and management
need to be scaled up in the country. The Indian Council of
Medical Research has set forth guidelines for screening and
management of type 2 diabetes.[3]
Most Indians (66.4% in 2017) live in the rural and semi-urban
areas.[4] They have limited access to healthcare facilities due to
socio-economic status, distance, availability of facilities, inade-
quate number of skilled doctors, etc..[5–10] Concurrently, the
prevalence of type 2 diabetes mellitus is increasing in rural and
semi-urban India. More individuals from the lower socio-
economic status are now being identified with type 2 diabetes
mellitus.[11] Such persons with diabetes mellitus face catastrophic
consequences. This is due to increasing type 2 diabetes mellitus
burden and poor accessibility to public healthcare facilities.
Hence, an innovative and feasible strategy is needed to improve
access for efficient type 2 diabetes mellitus screening and
management.
The use of minimally trained health workers in improving
access to healthcare facilities has proven successful in low and
middle-income countries.[12–14] The successes have been ob-
served for communicable and non-communicable diseases.[15–26]
Hence, type 2 diabetes mellitus screening and management by
health workers in India offers a potentially feasible strategy. It
can improve screening and subsequent management of type 2
diabetes mellitus and associated complications at the community
level.
The Indian government in 2005, created a new cadre of
non-physician minimally trained health volunteers. They are
called accredited social health activists. These activists are
female health volunteers. They are the primary interface betweenTable 1
A description of the training schedule of health workers in the interv
Module Type Topics Covered
NCD’s Baseline competence- practical & paper-based assessment
Indian health system overview, what are NCD’s & prevalenc
importance of prevention, early detection and management
Diabetes Specific
General Module
Diabetes-Introduction & rural prevalence; Signs & Symptom
Pathology of Diabetes
Common drugs used, Insulin and its effects
Self-management in diabetes
Diabetes screening,
related skills &
its Complications
Diabetes Screening (Blood glucose testing using glucometer
Key Skills training: Using risk assessment tools, generating
behavior counseling
Complications of diabetes- Emergency & Microvascular
Follow-up & importance
Revision Class Indian Health system overview
End Exam Post-intervention competence evaluation- paper- based & p
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They handle social mobilization and awareness in the 1000
residents of their community. Their primary activities include
mobilizing women and children for reproductive and child
health services, immunization of newborn, accompanying the
referred cases for complications, etc. They are paid case-based
incentives for her services.[5,17] Currently, the government is also
looking at utilizing the accredited social health activists’ services
for non-communicable disease management.[27] In lieu of the
same, the government’s National Program for prevention and
control of Cancer, Diabetes, Cardiovascular diseases and Stroke
has also formulated operational guidelines for the health
workers[28]
Competence has been explained as the “possession of requisite
skills, knowledge, education and capacity”.[29] The competence
about type 2 diabetes mellitus and its complications is a limiting
factor in utilizing this workforce. It is important to provide
standardized training to the health workers and then utilize their
services in type 2 diabetes mellitus.[18] Ultimately the training
should improve the competency of the health workers to improve
type 2 diabetes mellitus screening at the public healthcare
facilities.
1.1. Aim and objectives of the study
1.1.1. Aim.We aim to assess the effect of health worker training
in improving their competence with respect to type 2 diabetes
mellitus.
1.1.2. Objectives of the study. The following are the objectives:a.en
e in
s
; Hb
awa
ractTo train the health workers in competency-based training for
type 2 diabetes mellitus.b. To evaluate the training in realizing the change in the
competence of the health workers.
1.2. Primary hypothesis
We hypothesize that the competence levels of the health workers
in the intervention package will increase the competence levels to
60% compared to an estimated level of 30% at the baseline.tion group[28].
Month-wise and session-wise distribution
Month 1
India Month 1
Month 1
Month 2
Month 2
Month 3
Month 3
A1c and its indications) Month 4
reness, history taking, Month 4
Month 5
Month 5
Month 6
ical assessment Month 6
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2.1.1. Preliminary phase
This phase involves, identification of the study areas, the needs
assessment with important stakeholders in these study areas and
the designing and validation of the training module.
The training module will be collated using the modules
developed by the Ministry of Health and Family Welfare,
Government of India, The Indian Council of Medical Research,
The National Program for Prevention and Control of Cancer,
Diabetes, Cardiovascular diseases and Stroke, The Indian
Institute of Public Health-Hyderabad and the Public Health
Foundation of India will be utilized.[3,30–32]
Subsequently, a customized tool (questionnaire) will be
developed for the evaluation of the competence, which will have
both theoretical and practical components. Identification of Study area: Eight health centers across
Hyderabad & Ranga Reddy districts of the state of Telangana
will be identified as the study sites. Caution will be exercised to
ensure that the eight centers are spread widely across the
district. It will ensure no contamination of health workers and
their patients from the intervention to the control group or vice-
versa. These centers will also be identified based on their
consent and the availability of health workers Needs Assessment: A needs assessment exercise will be
conducted involving the important stakeholders involved.
The stakeholders will consist of government officials, the
medical officer at the health center and the health workers from
the cadre of workers to be trained. Designing and Validation of Intervention package (training
and evaluation tools): The training module and evaluation
questionnaires developed will be used for validating the
entire intervention package at a neutral site with 10% of
the calculated sample size, that is, 30 health workers. The
questionnaire will be developed to assess the change in
competence pertaining to type 2 diabetes mellitus and its
associated complications after the training. Pre and post-test
assessment using the questionnaire and practical tools will be
conducted in the test population for validating the training and
evaluation tool.
2.2. Intervention phase
This phase will mainly consist of clustering of the health centers
randomly into the intervention and control clusters, the
identification and recruitment of health workers into the study
based on the inclusion and exclusion criteria and the data
collection procedure for training evaluation. Clustering of health centers: This stage will entail the random
division of the identified eight health centers into two clusters
namely the intervention cluster and the control cluster. Identification & Recruitment of Health Workers: In this stage
after the health centers have been randomized into the
intervention and control clusters, the health workers will be
screened for eligibility. Those eligible will be inducted into the
study based on their consent. The selection will be dependent
on the inclusion and exclusion criteria mentioned under study
design. The participants will be explained about the process
using a participant information sheet. (See document- Appen-
dix 1 Supplemental Digital Content 1 (Appendix 1, http://links.3
lww.com/MD/F123), which illustrates the Participant Infor-
mation sheet). This sheet will be shared with each participant
after translating it into their vernacular language. Data Collection: Using a baseline questionnaire, we will
understand their competence in type 2 diabetes mellitus. This
tool will be developed using Michigan University’s Diabetes
Knowledge Test-2,[33,34] evaluation tools developed by the
government of India and PHFI along with inputs from
endocrinologists/physicians/public health experts. This will
help us assess the baseline competence levels of the health
workers. This tool will also capture the baseline data for the
clinical competence of the participating health workers. All
socio-demographic details and baseline details will be collected,
entered and analyzed later.
2.3. Study design
We will conduct a 12 months prospective, unblinded, parallel
cluster randomized controlled trial. The study will measure
changes in healthcare worker competence levels related to type 2
diabetes mellitus and complications. The health centers chosen as
the clusters will be then randomized into intervention and control
arms. The health workers at the respective health center will be
thus assigned to the respective cluster arm. The clusters will be
chosen such that they are geographically distinct. This will avoid
any possible contamination within the groups. Health workers in
the control group will continue to deliver services according to
the current standards and guidelines.[28,30,31,35] The intervention
group participants will undergo additional training. This will be
spread over six months and delivered for 20 hours.[36] It will
entail pre and post-assessment questionnaires and practical
assessments as the modality of evaluation.
2.3.1. Population, sample, and setting. Our target population
will be health workers working in chosen health centers of
Hyderabad & Rangareddy districts of Telangana. The requisite
number of health workers (See document- Appendix 2,
Supplemental Digital Content (Appendix 2, http://links.lww.
com/MD/F124), which illustrates the probable sites of study) will
be chosen upon satisfying the inclusion criteria mentioned later.
2.3.2. Sample size calculations. The sample size is calculated
based on the following formulae:
n ¼ 2½Z1a=z þ Z1b
2½1þ ðm 1Þr
d2
Where
Z1a=2 ¼Corresponds to two-tailed at 5% significance level=
1.96
Z1b ¼ Corresponds to 80% power=0.84
d=effect size (estimated)=0.5 (medium effect based onCohen’s d)
m=cluster size=30 (minimum number of health workers at one
health center)
r= intracluster correlation coefficient (estimated)=0.03
we get n as 117 HWs per group. Adjusting the same for a
dropout rate of 20%, nnew ¼ n1NR; we get n as 147 per cluster
group, i.e. 294 HWs across both arms. Therefore, 294 HWs
across 8 clusters will be needed with 37 HWs across each cluster
arm. Each cluster has 40–45 health workers and hence the sample
size calculated is feasible for the study.
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for eligibility based on the following inclusion criteria[5,18,19]:i. Health workers employed as accredited social health activists
ii. Health workers living within a radius of 40kms from the
identified health centers.
The exclusion criteria are:i. Pregnant health workers
ii. Health workers unwilling/unable to provide written informed
consent.
iii. Health workers with terminal illnesses.
2.3.4. Sampling method. Cluster sampling method will be
utilized for the study. First, 8 health centers will be chosen from
the Hyderabad & Rangareddy districts and will further be then
randomized as clusters into either the intervention or the control
arms. All health workers at the respective clusters will be included
in the respective arms based on their eligibility and consent.
A total of approximately 294 health workers will participate in
the study, encouraged both by getting continuing education and
by being urged by a district health officer to participate. We
expect that approximately 147 health workers will enter the
intervention arm, wherein they will participate in 20hours of the
intervention to be considered as trained. Evidence shows that
even brief interventions have an impact on effective knowl-
edge.[36] The principal investigator and the field staff will take the
requisite permission form authorities and enroll the participants
into the study based on their consent, which will be recorded
using a consent form.
To prevent possible confounding and effect modification of
patients’ characteristics, we will divide the health centers into
pairs. The pairs will have the following characteristics: male/
female ratio, percentage of patients ≥ 60 years old, percentage of
patients on treatment and the prevalence of patients sufferingfeBnoitazimodnaR
Health wo
& skills 
diabet
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# Educational Materials, HW Training 
*Health worker Characteristics: Health worker age, sex, atten
of Type 2 diabetes mellitus screening, management and comp
Figure 1. Primary Hypothesis displaying interve
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from chronic diseases. The centers will be then randomly
allocated into an experimental group and a control group and
will be compared to ascertain the balance of the allocation. This
will be done using computer generated random number using the
MS Excel software. Pre- and postassessment scores will be
recorded at baseline and at after the intervention. These scores
will serve as the data regarding competence assessment. Health
workers’ characteristics will be not included in the randomization
process. This data is not available prior to the information from
the baseline questionnaire being received (Fig. 1 emphasizes the
relationship, being examined in the evaluation). The intervention
is randomized and is hence an important variable between
exposure and outcome in the experimental group as well as the
evaluation method (e.g., before and after study). Concurrently
potential confounders will also be identified and would majorly
consist of health workers’ characteristics.
2.4. Intervention
2.4.1. Implementation of intervention. The implementation of
the intervention package consists of training of health workers
and evaluation of the training on the clinical competence of the
health workers undergoing the training. The intervention will be
implemented in the following manner:1.ero
rke
abo
es
da
lica
ntioIdentification & Selection of health centers
2. Needs assessment of important stakeholders to improve the
efficacy of the subsequent training
3. Development of Intervention package and its validation
4. Identification & recruitment of health workers for study
5. Delivery of Intervention package:
a. Health worker Training: The first part of the package will
focus on the training of the health workers in the
intervention arm.
b. Evaluation of training: The second part of the package will
focus on the evaluation of the training. This will be doner k
ut
 m
nce
tio
n, iretfA
Health worker knowledge 
& skills about Type 2 
diabetes mellitus 
nowledge 
 Type 2 
ellitus  
 rate, academic qualifications, prior trainings, perception 
ns screening 
Potential Confounders* 
ntermediate and outcome of interest.
Figure 2. Overview of the intervention.
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session and pre and post-intervention evaluation of the
theoretical competence. An additional practical evaluation
will be conducted by a neutral doctor to assess that change
in clinical competence. The evaluation mechanism will be
identical in both the control and the intervention arms
(Fig. 2 showcases the overview of the intervention).5
2.4.2. Training of health workers. The HWs in the intervention
arm will then undergo the customized training. The training
module will include the following topics[3,28]: NCD’s and their prevalence in rural areas
 Importance of prevention, early detection and management
 Diabetes and its prevalence in India and rural India
Gudlavalleti et al. Medicine (2020) 99:44 Medicine Diabetes Pathogenesis,
 Signs and symptoms and basic pathology of diabetes
 Common drugs used, Insulin,
 Importance of self-management,
 Key Skills- Using risk assessment tools, generating awareness
history taking, behavior counseling Screening, Measurement of blood glucose (using glucometer)
 Complications-
^Hypoglycemia
^Wound and ulcers in diabetes
^Oral complication of diabetes
^Diabetic Foot
^Diabetic Nephropathy
^Diabetic Retinopathy, etc.
Follow-up & its importance: Motivation for follow-up,
Motivation & Support for lifestyle changes, community
meetings, patient support groups, continuity of care Indian Health System and approach to primary care.
The module will be collated using the available modules which
were developed and published by the Ministry of Health and
Family Welfare, Government of India, Indian Council of Medical
Research operational guidelines, The National Program for
Prevention and Control of Cancer, Diabetes, Cardiovascular
diseases and Stroke operational guidelines and literature from
Indian Institute of Public Health-Hyderabad & Public Health
Foundation of India.
After the 6-month training phase, an evaluation will occur. The
evaluation will consist of theoretical and practical components
which will be conducted using the developed questionnaire and
the same set of trained public health experts respectively. The
same tools would also be used for baseline collection. Both of
these techniques will help assess the change in effective
knowledge as well the practical skills about type 2 diabetes
mellitus & associated complications. The detailed training plan is
described below:a. The trainers will teach the health workers about type 2
diabetes mellitus, its screening, complications and their
screening. The trainers will be chosen based on prior
knowledge of type 2 diabetes mellitus and prior teaching
experience of evidence-based medicine in community health
programs. Their willingness to be facilitators will also be an
important factor for their selection.b. The trainers will participate in a 2-hour course[36] focusing on
type 2 diabetes mellitus and its complications. Two experi-
enced faculty with extensive teaching experience will bear
responsibility for the same. This training aims to provide the
facilitators with sufficient skills and tools to conduct the
training meetings successfully.c. The trainers will be provided with a detailed curriculum to be
used in all meetings.d. An additional 2.5-hour session for trainers will be held three
months into the academic detailing phase (i.e., after 3
meetings). This will support trainers during this phase of
the intervention. They will also receive an ongoing email and
phone support.e. The trainers will then impart training across a 6-month, 20-
hour training to the health workers in the intervention group.f. The intervention will attempt to facilitate a change in the
clinical competence of the health worker undergoing training.6
2.4.3. Evaluation. The evaluation of the intervention package
will help us understand the change in the competence of health
workers in relation to type 2 diabetes mellitus and its
complications. It will be conducted in the following manner
for both the intervention & the control groups:
Paper based
Overall pre and post-test questionnaire, which will be derived
from the diabetes knowledge test 2 of the Michigan Universi-
ty,[33,34] the inputs from the physician/endocrinologist stake-
holders, the assessment tools used by government training
modules and evaluation tools developed by PHFI for diabetes
training. This will help us understand the change in effective
knowledge in the health workers in terms of type 2 diabetes
mellitus, screening and complications.
Practical Based
This will be a practical test based on the training. It will help
understand how effectively the training will be implemented by
the health workers, when they are in contact with the diagnosed
and undiagnosed patients. The scores of this assessment will be
compared with the practical assessment carried out at the
baseline.Both the baseline and post training practical evaluation will be
conducted by the same set of trained public health experts.
A combination of both paper-based and practical score will
elucidate the change in the competence of the health workers.
Both the evaluation methods will be assessed according to
objective parameters. It will ensure a comprehensive evaluation
of all the components on which training will be provided
(Table 1).2.5. Data collection, management & analysis
All the data will be collected from both the arms at pre-specified
intervals. Pre and post- intervention data will be collected from
the control arm. In the intervention arm, pre and post- training
data will be collected, at the baseline and after the intervention is
concluded. Hence evaluation will be conducted across both the
groups at identical time points to obtain an accurate comparison
of the training imparted. Qualitative and quantitative data will be
collected during and after the intervention. The collected datawill
be coded and recorded in Microsoft Excel version 2020 (MS
Excel). We will use MS Excel for summarizing the descriptive
statistics.
These will be obtained from the socio-demographic character-
istics, socioeconomic characteristics, lifestyle characteristics, type
2 diabetes screening, health center visits for physician follow-up
and health center visits for medicine refill. We will use STATA for
data analysis. The principal analysis strategy will be the use of
linear mixed models using the R statistical package for
computing. This approach provides a simple method to
incorporate baseline values and the correlation of each partici-
pant over time (using a random effect). This model is more potent
than the repeated measures analysis of variance. It can easily
examine differences between the trial groups at all time points
and can accommodate potential confounders. Subsequent
adjustments will be made for potential confounding variables
as necessary, such as baseline parameters that may vary between
groups.
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distance from the health centre, marital status will be collected at
baseline. Other socio-demographic details, socioeconomic status,
and occupation will also be recorded at baseline.
Secondary contrasts will be used to examine differences from
baseline for all other time points. However, these will be of
exploratory interest only.
2.6. Data safety and monitoring
The data will be kept safe with the principal investigator (PI) and
later with the data manager on a separate hard disk and local
server (password protector) with the access to the same being
provided to stakeholders only on a need to share basis.
2.7. Data confidentiality
All the information collected will be stored only with the
investigators and the data manager. The publications will not
reveal any private information of any of the participants. If any
qualitative aspect is added at a later stage (like a case study), it
will only be done with the participant’s consent.
As of now we are not planning on collecting any confidential
data which might be harmful for the participants.3. Discussion
This trial will evaluate the use of health worker training as a tool
for improving the clinical competence in relation to type 2
diabetes mellitus. We anticipate that the module will provide a
greater understanding of type 2 diabetes mellitus, the importance
of screening of both disease and complications and improved
skills for the same.
Though many studies have focused on health worker training
in the high-income nations, there is a dearth of evidence about a
competence focused training package for health workers in type 2
diabetes mellitus in low- and middle-income countries like India.
The findings of the study can serve as a cornerstone for training
policies for health workers. It may help in reducing the cost
burden of type 2 diabetes mellitus management on the public
sector and the persons living with diabetes mellitus but more
research on the impact of such a study will be needed to be
undertaken for realizing the same. The results of the study will be
disseminated by publishing them in peer reviewed journals.
3.1. Strengths
The principal merit of the study is that it is one of a kind. It will
help develop a standardized training and evaluation, competence
package for health workers, specific to type 2 diabetes mellitus.
Very few studies have focused on the same.
3.2. Limitations
The study is limited to one district of the country. Hence, local
factors contributing to the study’s success or failures might not be
replicable in all states. Objective measurements are time and
resource-consuming and hence subjective practical evaluations
are being incorporated.
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